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100
o'
FABRICATING A FIRST WARER OF POWER SEMICONDUCTOR DEVICES. 101
FABRICATING A SECOND WARER OF POWE?{ SEMICONDUCTOR DEVICES. b (2

WAFER BONDING THE BACKSIDE OF THE FHIRST WAFER TO ThHE BACKSIDE OF TrHE SECOND WAREZR

THERERY ( B"‘AIN NG A BONDED WAFER STRUCTURE, A METAL ELECTROLE ON THE BACKSIDE OF

THE FIRST WAFER IS ELECTRICALLY COUPLED TC A METAL ELECTRODE ON THE BACKSIDE OF THE p—103
SECOND WAFER.

ATTACHING A WAFERINTERFACE MEMBER "'O THE SECOND WAFER OF THE BONDED WAFER
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DIE STACK ASSEMBLY USING AN EDGE
SEPARATION STRUCTURE FOR
CONNECTIVITY THROUGH A DIE OF THE
STACK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of, and claims priority
under 35 U.S.C. § 120 from, nonprovisional U.S. patent
application Ser. No. 15/619,516 entitled “Die Stack Assem-
bly Using An Edge Separation Structure For Connectivity
Through A Die Of The Stack,” filed on Jun. 11, 2017, which
1s a continuation of, and claims priority under 35 U.S.C. §
120 from, nonprovisional U.S. patent application Ser. No.
15/056,818 entitled “Die Stack Assembly Using An Edge
Separation Structure For Connectivity Through A Die Of
The Stack,” filed on Feb. 29, 2016, now U.S. Pat. No.
9,704,832, the subject matter of which 1s incorporated herein
by reference.

TECHNICAL FIELD

The described embodiments relate to power semiconduc-
tor devices, and more particularly to power semiconductor
device dice that have peripheral edge separation structures
that are at least 1n part doped with aluminum.

SUMMARY

In a first novel aspect, a die stack assembly comprises a
first power semiconductor device die and a second power
semiconductor device die. The backside of the first power
semiconductor device die 1s mounted to the backside of the
second power semiconductor device die. The first power
semiconductor device die has a peripheral edge separation
structure that extends all the way from a first substantially
planar semiconductor surface of the first die to a second
substantially planar semiconductor surface of the first die
along a side edge of the first die. The pernipheral edge
separation structure 1s a P type region that 1s at least in part
doped with aluminum. A surface area of the peripheral edge
separation structure of the first die 1s covered with a metal
teature. There 1s passivation on the first die, but the passi-
vation does not entirely cover the metal feature. The metal
feature 1s covered, formed and sized so that 1t can serve as
a wire bond pad or a landing pad. A metal member (for
example, a bond wire or a metal lead of a leadiframe or a
bond ball or a metal clip) i1s attached to this unpassivated
metal feature such that an electrical connection 1s estab-
lished from the metal member, through the metal feature,
through the peripheral edge separation structure, through a
metal electrode on the backside of the first die, and to an
clectrode of the second die. The metal feature on the first die
1s, 1n some examples, disposed on a top surface of the overall
die stack assembly. The metal feature of the first die 1s, 1n
other examples, disposed on the bottom of the overall die
stack assembly. The second power semiconductor die may
have, or may not have, a peripheral edge separation structure
that 1s at least i part doped with aluminum.

In a second novel aspect, a die-sized interface member 1s
attached to the second power semiconductor device die of
the die stack assembly. The first die, the second die, and the
die-sized interface member are all cut at the same time as a
single larger die from a bonded wafter structure. The first die
has a side edge periphery that defines a rectangular planar
area bounded on four sides by the side edge periphery of the
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first die. The second die has a side edge periphery that
defines a rectangular planar area bounded on four sides by
the side edge periphery of the second die. The die-sized
interface member has a side edge periphery that defines a
rectangular planar area bounded on four sides by the side
edge periphery of the die-sized interface member. These
rectangular planar areas of the first die, the second die, and
the die-sized interface member are all of the same size and
shape. The die-sized interface member includes an insula-
tive layer and a plurality of metal portions. The insulative
layer may, for example, be a flexible substrate insulative
layer of one or more mylar or polyimide layers. The die-
s1ized interface member may be a square flex circuit or a
square flexible printed circuit board. A passivation layer on
the downward facing surface of the second die 1s substan-
tially thicker than metal features on the downward facing
surface of the second die. The upward facing metal portions
of the die-sized interface member extend upward from the
plane of the top surface of insulative layer of the die-sized
interface member by enough so that a first of the metal
portions of the die-sized interface member makes electrical
contact with a first metal feature on the bottom of the second
die (for example, through an intervening first layer of
sintered silver), and so that a second of the metal portions of
the die-sized interface member extends upward from the
plane of the top surface of the insulative layer of the
die-sized interface member so that the second metal portion
makes electrical contact with a second metal feature on the
bottom of the second die (for example, through an interven-
ing second layer of sintered silver). The two upward facing
metal portions of the die-sized interface member have
enough oflset distance to extend through the thickness of the
passivation and to reach the silver or other metal features on
the bottom side of the second die. The resulting overall
assembly (first die, second die, and die-sized interface
member) 1s then mounted down onto a substrate. Metal
portions that extend downward from the bottom of the
die-sized interface member register with, and make electri-
cal contact with, corresponding patterned metal features on
the top of the substrate. Each metal portion of the die-sized
interface member provides an electrical connection from a
metal feature on the bottom of the second die to a corre-
sponding patterned metal feature on the top of the substrate.
In one example, the substrate includes a rigid insulative
layer and multiple patterned metal features disposed on the
insulative layer. The rigid insulative layer may, for example,
be a ceramic substrate layer or an FR4 type fiberglass/epoxy
substrate layer. The substrate may be a DBM (Direct Bonded
Metal) structure. The resulting power semiconductor die
stack structure on the substrate 1s then mounted to a lead-
frame. Metal features on the top of the die stack are wire
bonded to the substrate and/or to landing pads of the
leadirame. Also, various ones of the patterned metal features
of the substrate are wirecbonded to landing pads of the
leadirame as appropriate. A semiconductor package 1s then
formed around and over the assembly. The semiconductor
package 1n one example 1s formed by overmolding the
substrate and the multi-die stack with a volume of encap-
sulant 1 an injection molding process. The metal leads of
the lead frame that extend from the volume of encapsulant
are then trimmed and lead formed to make a standard leaded
plastic semiconductor device package. Within the package,
the peripheral edge separation structure of one power semi-
conductor device die of the die stack 1s used to make
clectrical connection through that die and to an electrode of
the other power semiconductor device die of the die stack.
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Further details and embodiments and techniques are
described 1n the detailed description below. This summary
does not purport to define the invention. The invention 1s
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, where like numerals indi-
cate like components, 1llustrate embodiments of the inven-
tion.

FIG. 1 1s a cross-sectional side view of a stacked power
semiconductor device die assembly in accordance with one
novel aspect.

FIG. 2 1s a circuit diagram of the assembly of FIG. 1.

FIG. 3 1s a perspective diagram of a die stack assembly
involving a first power semiconductor device die, a second
power semiconductor device die, and a die-sized interface
member, where the die stack assembly 1s mounted to the top
ol a substrate.

FIG. 4 1s a cross-sectional diagram of the assembly of
FIG. 3.

FIG. 5 1s a flowchart of a method of fabricating a
packaged power semiconductor device in accordance with
another novel aspect.

FIG. 6 1s a cross-sectional diagram of a peripheral edge
separation structure that may be employed 1n the structures

of FIG. 1, FIG. 3 and FIG. 4.

DETAILED DESCRIPTION

Reference will now be made 1n detail to background
examples and some embodiments of the invention, examples
of which are 1illustrated 1n the accompanying drawings. In
the description and claims below, when a first object 1s
referred to as being disposed “over” or “on” or “covering”
a second object, it 1s to be understood that the first object can
be directly on the second object, or an intervening object
may be present between the first and second objects. Simi-
larly, terms such as “top”, “bottom”, “side”, “up”, “upward”,
“down”, “downward”, “vertically”, “horizontally™, “later-
ally”, “lower” and “underneath™ describe relative orienta-
tions between different parts of the structure being
described, and it 1s to be understood that the overall structure
being described can actually be oriented in any way in
three-dimensional space.

FIG. 1 1s a cross-sectional side view diagram of a power
semiconductor device assembly 1. Assembly 1 includes a
first power semiconductor device die 2 and a second power
semiconductor device die 3. The backside of the first die 2
1s bonded to the backside of the second die 3 by a conductive
metal layer 4. In one example, conductive metal layer 4 1s a
layer of sintered silver. The first and second dice 2 and 3 are
shown in simplified fashion. Each of the first and second
dice 2 and 3 may, for example, include additional peripheral
guard rings (not shown) and a metal field plate (not shown)
as 1s known 1n the power semiconductor device arts.

The first die 2 1s a thyristor die (also called a SCR or
“Silicon Controlled Rectifier”). The first die 2 has a P type
semiconductor region 5, an N type semiconductor region 6,
a P type semiconductor region 7, and an N type semicon-
ductor region 8. The N type semiconductor region 8 1is
referred to as the N-emitter region. The P type semiconduc-
tor region 7 1s referred to as the P-base region. The P type
semiconductor region 5 comprises a planar P type layer
portion 5A that extends across the entire backside of the die
as well as a peripheral edge separation P type diffusion

region 5B. The two regions 5A and 5B merge together to
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form the larger P type semiconductor region 5. Region 5A
1s also referred to as the P-emitter region. The peripheral
edge separation diffusion region 5B 1s an amount of P type
semiconductor material that extends all the way from a first
substantially planar semiconductor surface 2A of the die to
a second substantially planar surface 2B of the die along a
side edge 9 of the die. No part of any side edge of the first
die 2 1s N type semiconductor material. At least a part of the
P type semiconductor region 5 1s doped with aluminum. The
first die 2 has a reverse breakdown voltage 1n excess of 3000
volts. A metal anode electrode 10 makes contact with the
bottom surface of the P-emitter region 3. It 1s to thus metal
anode electrode 10 that the conductive layer 4 bonds. At the
top of the die 2, a metal feature 11 makes contact with the
N type region 8. Region 8 1s also referred to as the N-emutter
region. Metal feature 11 1s the metal cathode electrode of the
device. A metal feature 12 1s disposed on the top semicon-
ductor surface 2A and makes contact the P type P-base
region 7. This metal feature 12 1s the metal gate electrode (a
control electrode) of the device. A metal feature 13 1is
disposed on the top surface of the P type peripheral edge
separation diflusion region SB. This metal feature 13 1s the
metal anode electrode of the device. Metal feature 13, when
the die 1s considered from the top-down perspective, appears
as a four-sided peripheral ring of metal that extends along
the four peripheral edges of the die 2. This ring of metal 1s
not entirely covered with passivation, but rather 1s at least in
part exposed from the top of die 2 so that an electrode
connection can be made down to the ring by one or more
bond wires. Reference numeral 14 1dentifies areas of passi-
vation that are disposed on the top semiconductor surface
2A.

The second die 3 1s an Anode-Gated Thyristor (an AGT)
die. Second die 3 has a P type semiconductor region 15, an
N type semiconductor region 16, a P type semiconductor
region 17, and an N type semiconductor region 18. N type
region 19 1s also referred to as the N-emitter region. The P
type semiconductor region 15 is also referred to as the
P-emitter region. The N type semiconductor region 18 1is
also referred to as the N-emitter region. The P type semi-
conductor region 17A 1s also referred to as the P-base region.
P type semiconductor region 17 comprises a planar P type
layer portion 17A that extends across the entire backside of
the die as well as a peripheral edge separation P type
diffusion region 17B. The two regions 17A and 17B merge
together to form the larger P type semiconductor region 17.
The peripheral edge separation diflusion region 17B 1s an
amount of P type semiconductor material that extends all the
way from a {first substantially planar semiconductor surface
20A of the die to a second substantially planar surface 208
of the die along a side edge 21 of the die. At least a part of
the P type semiconductor region 17 1s doped with aluminum.
A metal cathode electrode 22 makes contact with the
N-emitter region 18. It 1s to this metal cathode electrode 22
that the conductive layer 4 bonds. A metal feature 23 makes
contact with the P type P-emitter region 15. This metal
feature 23 1s the metal anode electrode of the device. A metal
feature 24 1s disposed on semiconductor surface 2A and
makes contact to the N type region 19 and to the P type
P-emitter region 15. This metal feature 24 1s the metal gate
clectrode (a control electrode) of the device of the second
die. Reference numeral 25 1dentifies an area of passivation
that 1s disposed on the semiconductor surface 20A.

FIG. 2 1s a circuit diagram of the circuit of FIG. 1. The
metal anode electrode 10 of the first die 2 1s mounted to, and
1s electrically coupled to, the metal cathode electrode 22 of
the second die 3. The metal anode electrode 10 of the first
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die 2 1s mounted to the metal cathode electrode 22 of the
second die 3 by sintered silver metal layer 4. Metal feature
12 provides a gate electrode bond pad for the first die 2.
Metal feature 11 provides a cathode electrode bond pad for
the first die 2. Metal feature 13 provides an anode electrode
bond pad for first die 2, and simultaneously provides a bond
pad for the cathode electrode of the second die 3 due to the
fact that the P emitter region 5 of the first die 1s mounted to
the N-emuitter region 18 of the second die. Metal feature 23
provides the anode electrode bond pad of the second die 3.
Metal feature 24 provides the gate electrode bond pad of the
second die 3.

FIG. 3 1s a perspective view ol an assembly 30. The
assembly 30 includes the assembly 1 of FIG. 1, as well as a
die-sized interface member 31, a substrate 32, and bond
wires 33-37. Bond wire 35 physically connects at one end to
a patterned metal feature 38 of the substrate 32. Substrate 32,
which 1n one example 1s a Direct-Bonded Metal (“DBM™) or
a Direct-Bonded Copper (“DBC”) or a Direct-Copper
Bonded (“DCB”) structure, includes an insulative body
layer 47, and several patterned metal features 38, 39, 40, 44
and 46 disposed on the mnsulative body layer 47. Through
this bond wire 35, an electrical connection 1s established
from the patterned metal feature 38, through the bond wire
35, to a bond pad portion 41 of the ring metal feature 13, and
then through the peripheral edge separation diffusion region
5B of the first die 2, and through the metal layers 10, 4, and
22, to the N type semiconductor region 18 of the second die
3. Metal layer 22 1s an electrode of the second die 3. In
addition, bond wire 34 couples patterned metal feature 39 of
the substrate 32 to a bond pad portion 42 of the metal
cathode electrode 11 of the first die 2. Bond wire 33 couples
patterned metal feature 40 to metal feature 12 (gate electrode
bond pad 12) of first die 2. Each of the bond pad portions 41
and 42 and 12 on the top of the first die i1s at least one
hundred microns wide by one hundred microns long so that
there 1s enough square surface area of exposed metal pro-
vided for wirebonding. Bond pad portion 41 1s preferably
disposed less than one hundred microns from the side edge
9 of the first die 2. Metal gate electrode 24 on the bottom of
assembly 1 1s coupled through a metal portion 43 of the
die-sized interface member 31 to a patterned metal feature
44 on the top of substrate 32. Metal anode electrode 23 on
the bottom of assembly 1 1s coupled through a metal portion
45 of die-sized interface member 31 to a patterned metal
feature 46 on the top of substrate 32. Bond wire 37 couples
the patterned metal feature 44 of the substrate 32 to another
object such as, for example, a first bonding pad (not shown)
of a first lead of a lead frame. Bond wire 36 couples the
patterned metal feature 46 of the substrate 32 to another
object such as, for example, a second bonding pad (not
shown) of a second lead of the lead frame.

FI1G. 4 1s a cross-sectional diagram that shows the assem-
bly 30 of FIG. 3 in more detail. The cross-sectional view of
FIG. 4 1s taken along sectional line A-A' of FIG. 3. Die-sized
interface member 31 includes an 1nsulative layer 56 as well
as number of metal portions. Although not illustrated this
way 1n FIG. 4, msulative layer 56 may be a composite
sandwich structure of multiple nsulative layers and each
metal portion may also be a composite sandwich structure of
multiple metal layers. Each metal portion of the die-sized
interface member 31 provides electrical contact from the top
side of msulative layer 56, through the isulative layer 56,
and to the bottom side of insulative layer 56. Two of the
metal portions are 1dentified in FIG. 4 by reference numerals
43 and 45. Passivation layer 25 on the downward facing
surface of the second die 3 1s substantially thicker than metal
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features 23 and 24. The metal portions 43 and 45 of the
die-sized interface member 31 extend upward from the top
surface of insulative layer 56 by enough so that the metal
portion 43 makes physical and electrical contact with metal
feature 24, and so that metal portion 45 makes physical and
clectrical contact with metal feature 23. Die-sized interface
member 31 1s fabricated so that the metal portions of the
die-sized interface member 31 register with, and can make
clectrical contact with, proper corresponding metal features
on the downward facing surface of the second die 3. The
metal portions 43 and 45 of the die-sized interface member
31 also register with, and make electrical contact with,
corresponding metal features on the top side of substrate 32.
Reference numeral 57 1dentifies amounts of adhesive dis-
posed between the die-sized interface member 31 and the
bottom of the second die 3. Reference numeral 38 identifies
an amount of sintered silver that bonds and electrically
couples metal portion 43 of the die-sized interface member
31 to the corresponding metal feature 24 on the bottom of
the second die 3. Reference numeral 39 1dentifies an amount
of sintered silver that bonds and electrically couples metal
portion 45 of the die-sized interface member 31 to the
corresponding metal feature 23 on the bottom of the second
die 3.

After the assembly structure of FIG. 3 has been fabri-
cated, 1t 1s packaged and is thereby incorporated mto a
semiconductor device package. In one example, the assem-
bly structure of FIG. 3 1s wire bonded and/or attached as
appropriate to a stamped metal lead frame (not shown). The
assembly structure of FIG. 3 i1s then overmolded with a
volume of an encapsulant 1n an 1njection molding process.
The metal leads of the lead frame that extend from the
volume of encapsulant are then trimmed and lead formed to
make a standard leaded plastic semiconductor device pack-
age.
FIG. 5 1s a flowchart of a method 100 1n accordance with
one novel aspect. A first waler of power semiconductor
devices 1s fabricated (step 101). Fach of what will be
individual dice of the first waler has a peripheral edge
separation structure. A second watler of power semiconduc-
tor devices 1s fabricated (step 102). The backside of the first
waler 1s waler bonded (step 103) to the backside of the
second wafer, thereby obtaining a bonded wafer structure.
The backside of a wafer 1s the side of the water that does not
have any gate electrodes. In one example, the water bonding
1s done by sandwiching a foil of sinterable material between
the two walers, and then under pressure heating the sand-
wich such that the silver of the sinter foil sinters, and 1n so
bonds the two walers together. A suitable sinter foil can be
obtained from Alpha Sintered Metals, 95 Mason Run Road,
Ridgway, Pa. 15853. With adequate pressure, the sintering
temperature and duration of the sintering operation are
reduced to the point that the semiconductor structures within
the two watlers are not damaged i1n this high temperature
step.

Next, a waler-shaped interface member 1s attached (step
104) to the second wafer side of the bonded water structure.
In one example, the water-shaped interface member 1s a
flexible watler-shaped interface member available from
Mektec International Corporation, 1731 Technology Drive,
Suite 840, San Jose, Calif. 95110. The flexible water-shaped
interface member includes an 1nsulative layer that has pat-
terned metal portions. The insulative layer has holes through
it such that each of the patterned metal portions of the
waler-shaped interface member provides an electrical con-
nection from one side of the water-shaped interface member,
through the insulative layer, and to the other side of the
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waler-shaped interface member. The msulative layer of the
waler-shaped interface member may, for example, be a
flexible layer of nsulative material such as mylar or poly-
imide. In another example, the msulative layer 1s a ngid
layer of insulative material such as FR4 fiberglass and
epoxy. Prior to attaching the water-shaped interface member
to the bottom of the second waler, regions of sintered or
sinterable silver may be formed or otherwise placed on the
metal features on the bottom side of the second watfer. An
adhesive can be applied to selected parts of the bottom of the
prepared second wafer. The waler-shaped interface member
1s then placed onto the adhesive. The entire sandwich
structure 1s then heated under appropriate pressure and
temperature so that discrete amounts of sinterable silver
form good electrical contacts between the metal features on
the bottom of the second wafer and corresponding metal
portions on top of the wafer-shaped interface member.

After attachment of the water-shaped interface member to
the second water of the bonded water structure, the bonded
waler structure 1s diced (step 105) so that a plurality of
identical power semiconductor device die assemblies 1is
obtained. Each power semiconductor device die assembly
includes a first power semiconductor device die, a second
power semiconductor device die, and a die-sized interface
member. The peripheral edge separation structure of the first
die 1s electrically coupled to an electrode of the second die.
Because the first power semiconductor device die, the sec-
ond power semiconductor device die, and the die-sized
interface member are all cut at the same time from the same
bonded wafer structure, the periphery of the first die, the
periphery of the second die, and the periphery of the
die-sized interface member are all identical. The cross-
section of the power semiconductor device die assembly 1s
as shown in FIG. 4.

Next, bond wires are attached (step 106) to bond pads on
the top surface of the power semiconductor device assembly.
In one example, the bottom of the power semiconductor
device assembly 1s mounted to the top of a substrate, and
certain of the bond pads on the top of the power semicon-
ductor device die assembly are wire bonded to patterned
metal features on the top of the substrate as shown 1n FIG.
3. The bottom of the resulting structure 1s placed on a device
support portion of a lead frame, and more wire bonding 1s
performed to connect appropriate parts of the assembly
and/or substrate to corresponding bonding pads of leads of
the lead frame. After the wire bonding, a wire bond 1s left
attached to a bond pad on the top surface of the die assembly
such that an electrical connection exists from the bond wire,
through the bond pad, through the peripheral edge separa-
tion structure of the first die, and to an electrode of the
second die. Typically, several bond wires will be attached to
the same four-sided ring-shaped metal feature 13. These
several bond wires provide separate parallel current paths
to/from the four-sided ring-shaped metal feature 13. Accord-
ingly, the novel ring-shaped metal feature 13 may have a
ring of bond pad areas for engaging multiple separate bond
wires. After the assembly and the substrate have been
mounted and wirebonded as appropriate to the leadirame, a
semiconductor device package 1s formed (step 108) that
contains the assembly. The forming of the semiconductor
device package may, for example, include the step of injec-
tion molding an amount of molding compound over the
assembly, then step of lead forming, and the step of lead
trimming.

In a first example of the method of FIG. 5, the peripheral
edge separation structure of the first waler 1s formed by
providing a first strip of aluminum on the top of the N-type
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waler so that the strip extends along what will be the
ultimate side edges of the device die. A second strip of
aluminum 1s provided on the opposite side of the walfer,
directly underneath the first strip. The two aluminum strips
act as a diffusion sources. The aluminum strips are first
converted nto aluminum oxide by heating the first wafer 1n
a nitrogen-oxygen atmosphere at a temperature of about 500
degrees Celsius, which 1s a temperature below the 660
degree Celsius melting point of aluminum. Once the alumi-
num has been oxidized, the first wafer 1s heated to a higher
temperature of about 1230 degrees Celsius. Under this
higher temperature condition, aluminum from the aluminum
oxide strips diffuses into the first wafer, thereby forming a
downward extending P type region that extends downward
from the top semiconductor surface of the water, and thereby
forming an upward extending P type region that extends
upward from the bottom semiconductor surface of the water.
The two diffusion fronts of aluminum meet, thereby forming
a peripheral P type region that extends all the way from the
top semiconductor surface of the water, through the wafer,
and to the bottom semiconductor surface of the water. The
entire backside of the first water 1s doped with boron to form
a P type layer. In each device area of the waler, this
boron-doped P type layer merges with a P type peripheral
edge separation diffusion region to form an overall P type
anode region. This P type region separates the active area of
the device 1n the center of what will be the die (after
singulation) from what will be the side edges of the die (after
singulation). The peripheral edge separation structure keeps
the high electric fields of the reverse biased depletion region
in the active area from reaching the side edges of the die. For
additional information on peripheral edge separation struc-
tures and techniques suitable for use in making the first die
2, see: 1) U.S. patent application Ser. No. 14/948,136,
entitled “Trench Separation Diflusion For High Voltage
Device”, filed Nov. 20, 2015, by Wisotzki et al.; 2) U.S. Pat.
No. 7,442,630, entitled “Method For Fabricating Forward
And Reverse Blocking Devices, filed Aug. 30, 2005, by
Kelberlau et al.; and 3) U.S. Pat. No. 5,698,454, entitled
“Method Of Making A Reverse Blocking IGBT”, filed Jul.
31, 1995, by N. Zommer (the entire subject matter of each
of these patent documents 1s 1ncorporated by reference
herein).

In a second example of the method, the peripheral edge
separation structure of the first water 1s the structure shown
in cross-section i FIG. 6. As 1n the case of the peripheral
edge separation structure of FIG. 1, a region of P type
semiconductor material extends all the way from the top
substantially planar semiconductor surface of the water to
the bottom substantially planar semiconductor surface of the
waler. In the case of the peripheral edge separation structure
of FIG. 6, this P type semiconductor material includes an
amount of P type polysilicon 61 disposed on a sidewall of a
peripheral trench 48, and also includes a region of P type
semiconductor material 49 that extends upward from semi-
conductor surface 2B. After deposition of P type polysilicon
61 in the trench, the remainder of the trench 1s filled, for
example with oxide 50. A peripheral four-sided ring-shaped
metal feature 51 extends along the peripheral side edges of
the die of FIG. 6 at surface 2A 1n the same way that the
four-sided ring-shaped metal feature 13 extends along the
peripheral side edges of the first die of FIG. 1. P type layer
60 of FIG. 6 corresponds to P type layer 5A of FIG. 1. Metal
layer 52 of FIG. 6 corresponds to metal layer 10 of FIG. 1.
Passivation layer 53 of FIG. 6 corresponds to passivation
layer 14 of FIG. 1. N type region 54 of FIG. 6 corresponds
to N type region 6 of FIG. 1. Side edge 55 of FIG. 6
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corresponds to side edge 9 of FIG. 1. For additional infor-
mation on the peripheral edge separation structure of FIG. 6,
see: U.S. patent application Ser. No. 14/948,156, entitled
“Trench Separation Diffusion For High Voltage Device”,
filed Nov. 20, 2015, by Wisotzki et al. (the entire subject
matter ol which 1s incorporated by reference herein).

Although certain specific embodiments are described

above for instructional purposes, the teachings of this patent
document have general applicability and are not limited to
the specific embodiments described above. Accordingly,
vartous modifications, adaptations, and combinations of
various features of the described embodiments can be prac-
ticed without departing from the scope of the invention as set
forth 1n the claims.

What 1s claimed 1s:

1. An assembly comprising:

a first power semiconductor device die having a first
substantially planar semiconductor surface and a sec-
ond substantially planar semiconductor surface,
wherein a peripheral edge separation structure extends
from the first substantially planar semiconductor sur-
face to the second substantially planar semiconductor
surface along a side edge of the first power semicon-
ductor device die, wherein the peripheral edge separa-
tion structure comprises an amount of P type semicon-
ductor material disposed in a trench, and a P type
semiconductor region that 1s doped at least 1n part with
aluminum, and wherein a metal feature covers and
makes electrical contact with the peripheral edge sepa-
ration structure at the first substantially planar semi-
conductor surface of the first power semiconductor
device die; and

a second power semiconductor device die having a first
substantially planar semiconductor surface and a sec-
ond substantially planar semiconductor surface,
wherein a peripheral edge separation diffusion region
extends from the first substantially planar semiconduc-
tor surface to the second substantially planar semicon-
ductor surface along a side edge of the second power
semiconductor device die, wherein the peripheral edge
separation diffusion region 1s a P type semiconductor
region that 1s doped at least 1n part with aluminum, and
wherein the second power semiconductor device die 1s
bonded to the first power semiconductor device die
such that the metal feature 1s electrically coupled within
the assembly through the peripheral edge separation
structure of the first power semiconductor device die to
the peripheral edge separation diffusion region of the
second power semiconductor device die;

wherein an uncovered portion of the metal feature 1s not
covered with any passivation layer of the first die,
wherein the uncovered portion of the metal feature
extends at least one hundred microns 1n a direction
perpendicular to the side edge of the first power semi-
conductor device die, and wherein the uncovered metal
feature extends at least one hundred microns in a
direction parallel to the side edge of the first power
semiconductor device die; and

wherein the metal feature 1s a four-sided metal ring that
extends along four side edges of the first die.

2. The assembly of claim 1, further comprising;:

a substrate comprising a rigid msulative body layer, a first
patterned metal feature disposed on the rnigid msulative
body layer, and a second patterned metal feature dis-
posed on the rigid msulative body layer, wherein the
second power semiconductor device die 1s bonded to
the substrate such that a first metal electrode of the
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second power semiconductor device die 1s bonded to
the first patterned metal feature of the substrate and
such that the second metal electrode of the second
power semiconductor device die 1s bonded to the
second patterned metal feature of the substrate.

3. The assembly of claim 1, wherein the first power
semiconductor device die has a control electrode disposed
on the first substantially planar semiconductor surface of the
first power semiconductor device die, and wherein the
second power semiconductor device die has a control elec-
trode disposed on the first substantially planar semiconduc-
tor surface of the second power semiconductor device die.

4. The assembly of claim 1, further comprising:

a substrate having an insulative body layer and a patterned
metal feature, wherein the second power semiconduc-
tor device die 1s bonded to the substrate such that a
metal electrode of the second power semiconductor
device die 1s bonded to the patterned metal feature of
the substrate, wherein at least a part of the metal
clectrode of the second power semiconductor device
die 1s 1n physical contact with the peripheral edge
separation diffusion region of the second power semi-
conductor device die.

5. The assembly of claim 1, further comprising:

a metal member; and

an iterface member having an insulative body and a
patterned metal feature, wherein the interface member
1s disposed between the second semiconductor device
die and metal member, wherein the interface member
provides an electrical connection between the metal
member and a metal electrode of the second power
semiconductor device die, wherein the second power
semiconductor device die has a passivation layer of a
thickness, wherein the interface member has thickness
that 1s greater than the thickness of the passivation
layer, wherein the second power semiconductor device
die has a thickness between the first and second sub-
stantially planar semiconductor surfaces of the second
power semiconductor device die, and wherein the
thickness of the interface member 1s smaller than a
thickness of the second power semiconductor device
die.

6. The assembly of claim 1, wherein the first power
semiconductor device die further comprises a metal layer
disposed on the second substantially planar semiconductor
surface of the first power semiconductor device die, wherein
the second power semiconductor device die further com-
prises a metal layer disposed on the second substantially
planar semiconductor surface of the second power semicon-
ductor device die, and wherein the metal layer of the first
power semiconductor device die 1s bonded to the metal layer
of the second power semiconductor device die.

7. The assembly of claim 6, further comprising:

a layer comprising silver, wherein the layer comprising
silver bonds the metal layer disposed on the second
substantially planar semiconductor surface of the first
power semiconductor device die to the metal layer
disposed on the second substantially planar semicon-
ductor surface of the second power semiconductor
device die.

8. An assembly comprising:

a lirst power semiconductor device die having a first
substantially planar semiconductor surface and a sec-
ond substantially planar semiconductor suriace,
wherein a peripheral edge separation structure extends
from the first substantially planar semiconductor sur-
face to the second substantially planar semiconductor
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surface along a side edge of the first power semicon-
ductor device die, wherein the peripheral edge separa-
tion structure comprises an amount of P type semicon-
ductor material disposed in a trench, and a P type

bonded to the first power semiconductor device die
such that the metal feature 1s electrically coupled within

12

the assembly through the peripheral edge separation
structure of the first power semiconductor device die to
the peripheral edge separation diffusion region of the
second power semiconductor device die;

semiconductor region that 1s doped at least 1in part with 5 wherein an uncovered portion of the metal feature 1s not
aluminum, and wherein a metal feature covers and covered with any passivation layer of the first die,
makes electrical contact with the peripheral edge sepa- wherein the uncovered portion of the metal feature
ration structure at the first substantially planar semi- extends at least one hundred microns 1 a direction
conductor surface of the first power semiconductor perpendicular to the side edge of the first power semi-
device die; and 10 conductor device die, and wherein the uncovered metal
a second power semiconductor device die having a first feature extends at least one hundred microns in a
substantially planar semiconductor surface and a sec- direction parallel to the side edge of the first power
ond substantially planar semiconductor surface, semiconductor device die; and
wherein a peripheral edge separation diflusion region wherein the first power semiconductor device die further
extends from the first substantially planar semiconduc- 15 comprises a second metal feature that covers a second
tor surface to the second substantially planar semicon- surface area of the first substantially planar semicon-
ductor surface along a side edge of the second power ductor surface of the first power semiconductor device
semiconductor device die, wherein the peripheral edge die, wherein an uncovered portion of the second metal
separation diffusion region 1s a P type semiconductor feature 1s not covered with any passivation layer of the
region that 1s doped at least 1n part with aluminum, and 20 first die, wherein the uncovered portion of the second
wherein the second power semiconductor device die 1s metal feature 1s an area that extends at least one
bonded to the first power semiconductor device die hundred microns in a first direction and that extends at
such that the metal feature 1s electrically coupled within least one hundred microns in a second direction per-
the assembly through the peripheral edge separation pendicular to the first direction.
structure of the first power semiconductor device dieto 25  10. The assembly of claim 9, wherein the first power
the peripheral edge separation diffusion region of the semiconductor device die 1s a thyristor, wherein the metal
second power semiconductor device die; feature that covers the surface area of the peripheral edge
wherein an uncovered portion of the metal feature 1s not separation structure of the first power semiconductor device
covered with any passivation layer of the first die, die 1s a part of a first electrode of the thyristor, and wherein
wherein the uncovered portion of the metal feature 30 the second metal feature 1s a part of a second electrode of the
extends at least one hundred microns 1n a direction thyristor.
perpendicular to the side edge of the first power semi- 11. An assembly comprising;:
conductor device die, and wherein the uncovered metal a lirst power semiconductor device die having a first
feature extends at least one hundred microns in a substantially planar semiconductor surface and a sec-
direction parallel to the side edge of the first power 35 ond substantially planar semiconductor suriace,
semiconductor device die; and wherein a peripheral edge separation structure extends
wherein the metal feature includes a bond pad. from the first substantially planar semiconductor sur-
9. An assembly comprising: face to the second substantially planar semiconductor
a first power semiconductor device die having a first surface along a side edge of the first power semicon-
substantially planar semiconductor surface and a sec- 40 ductor device die, wherein the peripheral edge separa-
ond substantially planar semiconductor surface, tion structure comprises an amount of P type semicon-
wherein a peripheral edge separation structure extends ductor material disposed i a trench, and a P type
from the first substantially planar semiconductor sur- semiconductor region that 1s doped at least 1n part with
face to the second substantially planar semiconductor aluminum, and wherein a metal feature covers and
surface along a side edge of the first power semicon- 45 makes electrical contact with the peripheral edge sepa-
ductor device die, wherein the peripheral edge separa- ration structure at the first substantially planar semi-
tion structure comprises an amount of P type semicon- conductor surface of the first power semiconductor
ductor material disposed 1n a trench, and a P type device die; and
semiconductor region that 1s doped at least 1n part with a second power semiconductor device die having a first
aluminum, and wherein a metal feature covers and 50 substantially planar semiconductor surface and a sec-
makes electrical contact with the peripheral edge sepa- ond substantially planar semiconductor suriace,
ration structure at the first substantially planar semi- wherein a peripheral edge separation diffusion region
conductor surface of the first power semiconductor extends from the first substantially planar semiconduc-
device die; and tor surface to the second substantially planar semicon-
a second power semiconductor device die having a first 55 ductor surface along a side edge of the second power
substantially planar semiconductor surface and a sec- semiconductor device die, wherein the peripheral edge
ond substantially planar semiconductor surface, separation diffusion region 1s a P type semiconductor
wherein a peripheral edge separation diflusion region region that 1s doped at least 1n part with aluminum, and
extends from the first substantially planar semiconduc- wherein the second power semiconductor device die 1s
tor surface to the second substantially planar semicon- 60 bonded to the first power semiconductor device die
ductor surface along a side edge of the second power such that the metal feature 1s electrically coupled within
semiconductor device die, wherein the peripheral edge the assembly through the peripheral edge separation
separation diffusion region 1s a P type semiconductor structure of the first power semiconductor device die to
region that 1s doped at least 1n part with aluminum, and the peripheral edge separation diffusion region of the
wherein the second power semiconductor device die 1s 65 second power semiconductor device die;

wherein the second power semiconductor device die has
a side edge periphery, wherein the side edge periphery
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of the second power semiconductor device die defines
a planar area bounded on four sides by the side edge
periphery, wherein the assembly further comprises:

a substrate having an imnsulative body layer and a patterned
metal feature, wherein the substrate has a planar area 5
that 1s larger than the planar area of the second power
semiconductor device die; and

an interface member having an insulative body and a
patterned metal feature, wherein the interface member
1s disposed between the second semiconductor device 10
die and the substrate, wherein the interface member
provides an electrical connection between the patterned
metal feature of the substrate and a metal electrode of
the second power semiconductor device die, wherein
the interface member has a side edge periphery, 15
wherein the side edge periphery of the interface mem-
ber defines a planar area bounded on four sides by the
side edge periphery of the interface member, and
wherein the planar area defined by the side edge
periphery of the second semiconductor device die 1s 20
identical in size and shape to the planar area defined by
the side edge periphery of the interface member.
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